PREVIOUS work has shown that mitochondria prepared from certain tumour strains in isotonic sucrose containing 0.001 M EDTA,* exhibited higher ATPand DPN-splitting activities than the mitochondria from other tumours (Emmelot, Bos and Brombacher, 1956). When the former were added to fresh liver mitochondria, the octanoate-or BHB-oxidation of the liver mitochondria became completely inhibited in the combined system (Emmelot and Bos, 1955a , 1955b . It was found that the DPNase inhibitor NAA, or DPN itself, re-established the oxidation when the D-isomer of BHB served as a substrate in the combined system of liver and tumour mitochondria (Emmelot and Bos, 1955b, 1956a). The oxidation of the L-isomer of BHB, however, still remained blocked under the latter conditions. This difference in behaviour of the liver mitochondria in the presence of the tumour mitochondria in respect to the oxidation of the two isomers was explained on account of the co-factors necessary for oxidation, which have been shown to be dissimilar (Lehninger and Greville, 1953) . The latter authors found that the oxidation of D-BHB by rat liver mitochondria proceeded independently of ATP in that the free acid was oxidized, whereas L-BHB needed ATP for the formation of its CoA-derivative, L-BHByl-CoA being the form in which the L-isomer was oxidized. DPN acted as coenzyme of both the D-BHB and the L-BHByl-CoA dehydrogenases.
and the L-BHByl-CoA dehydrogenases.
Thus, by adding DPN to the combined system of liver and tumour mitochondria, the oxidation of D-BHB might easily be repaired, but the "ATPase" activities of the tumour mitochondria would render the oxidation of L-BHB impossible by depriving the liver mitochondria of ATP.
In the present communication direct evidence is presented for the uncoupling action of certain tumour mitochondria on the phosphorylative processes of the liver mitochondria. Related experiments dealing with the phosphate release from ATP and ADP by these and other tumour mitochondria under various experimental conditions are also described and compared with the results obtained with mouse liver mitochondria.
MATERIALS AND METHODS
Tissues.-Livers were collected from mice of several inbred strains and their F1 hybrids. Unless otherwise stated transplanted mouse tumours which have been described previously (Emmelot and Bos, 1955a) were used.
Preparation of mitochondria.-Liver mitochondria were isolated in 0.25 M sucrose and tumour mitochondria in 0.25 M sucrose containing 0.001 M EDTA pH 7.4. The mitochondrial pellets, which were spun down by centrifugation at 0°C. during 10 minutes at 5000 X g after removal of nuclei and cell d6bris, were always washed twice by resuspension and centrifugation at 18,000 x g. Special care was taken to remove the fluffy layer as completely as possible.
Preparation of mitochondrial sub-fractions.-Mitochondria from 1 g. of tissue were suspended in 1 ml. of distilled water during 60 minutes at room temperature. The swollen mitochondria were then disrupted by homogenization for 1 minute, with pyrex glass powder in a tight-fitting homogenizer of the Potter-Elvejhem type held in cracked ice. Centrifugation for 5 minutes at 700 x g was carried out to remove the glass powder, followed by 30 min. at 20,000 X g. The latter procedure yielded a pellet and a supernatant. The supernatant was clear yellowish in the case of liver mitochondria but (faintly) turbid in the case of tumour mitochondria. The pellet was washed once with 2 ml. of distilled water. Pellet and combined supernatants were then made up with distilled water in the relation 1: 2 respectively to the smallest volume possible. 0.1 ml. (pellet) and 0-2 ml.
(supernatant) aliquots were added to the Tris-KCl-MgCl2 medium of Chappell and Perry (1954) In a number of experiments, after removal of the glass powder, the suspension of the disrupted mitochondria was brought to pH 5.0 with 1 per cent of acetic acid and centrifuged. The resulting sub-fractions were neutralized with dilute KOH.
It was not investigated whether under the conditions chosen for the disruption of the mitochondria maximal recoveries of the activities were obtained. In fact it is suspected that part of the enzymes are inactivated due to the local heating by friction during the energetic grinding of the particles.
Determinations.-Inorganic phosphate release from ADP and ATP by whole mitochondria was measured under the same conditions as those described for the sub-fractions. Care was taken to use approximately similar quntities of mitochondria (based on mg. nitrogen) in the experiments since the ATPase activites have been shown not to be proportional to enzyme concentration. The specific activities of the ATPase were smaller the higher the enzyme concentration used. Phosphate was determined by the method of Fiske and Subbarow (1929) . The conventional Warburg technique was used to measure oxygen uptake during oxidation of DL-hydroxybutyrate or pyruvate at 27°C. Acetoacetate was determined according to Thin and Robertson (1952) . ATP and ADP were products from Zellstoffabrik Waldhof (Wiesbaden-Germany); the compounds were 75 and 80 per cent pure as assayed enzymatically with hexokinase plus glucose-6-phosphate dehydrogenase (mouse liver) in the absence and presence of myokinase (rabbit muscle), respectively. DPN (95 per cent pure) was obtained from Boehringer u.S. (Mannheim, Germany) and freshly prepared human serum y-globulin and albumin from the Central Laboratory of the Netherlands Red Cross (Amsterdam). Another albumin preparation obtained from the same Laboratory five years ago had been kept at room temperature by us; it was slightly yellow coloured and is designated in the text as aged albumin. Neutral solutions of the proteins were added in a final concentration of 2 per cent.
The experiments illustrated in the tables and figures are representative examples from several test series.
RESULTS AND DISCUSSION
Oxidative phosphorykation in a combined liver-tumour mitochondrial system If DPN addition re-establishes the oxidation of the D-isomer but not that of the L-isomer of BHB in the combined liver-tumour mitochondrial system incubated in the presence of DL-BHB, only 50 per cent of the theoretical oxygen consumption necessary for the conversion of DL-BHB to acetoacetate may be expected. This was actually found. Acetoacetate production was likewise approximately half of that shown by the liver mitochondria incubated separately. Table I illustrates one such experment in which the mitochondria from the adrenal cortex carcinoma T17572 were used. It should be noted that the tumour mitochondria per se were not able to oxidize DL-BHB under the conditions used in these experiments. 
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That the ATP-dependent oxidation of the L-isomer of DL-BHB remained blocked was proven by experiments in which the isomers of BHB were incubated separately with the combined liver-tumour mitochondrial suspensions (Emmelot and Bos, 1956a) . The nature of this inhibition has now clearly been demonstrated by measuring the phosphate uptake during the re-established oxidation of the D-isomer in a DPN-fortified liver-tumour mitochondrial system incubated with DL-BHB.
As illustrated in Column 4 of by the liver mitochondria and that by liver plus tumour mitochondria with DPN present, is incomplete. The liver mitochondria showed P: 0 ratios in the range of 1 -2-1-5 (in the experiment illustrated in Table II a ratio of 1.3 was found).
The latter values may be higher when fluoride is added. In the present type of experiments fluoride had to be absent for obvious reasons. In the earlier experiments (Emmelot and Bos, 1955b, 1956a; compare Table I ) ATP was added instead of ADP and under this condition it was found that the oxidation of DL-BHB or D-BHB by the liver-tumour mitochondrial system fortified with DPN, proceeded initially at a higher rate than the oxidation of the liver mitochondrial controls. This could have been due to the "ATPase "activities of the tumour mitochondria since it is known that a "high energy" phosphate trapping system enhances mitochondrial oxidations. Now that ADP was used as phosphate acceptor in the present experiments the oxidation in the liver-tumour mitochondrial system was equal to or somewhat less than that shown by the liver mitochondria incubated separately. This observation might give some weight to the above assumption.
In further experiments it was found that fluoride (0.01 M) partly relieved the inhibition exerted by the tumour-mitochondria on the liver mitochondrial oxidation of DL-BHB in the absence of DPN (Emmelot and Bos, 1956b) . When the two isomers were studied separately it appeared that fluoride addition repaired the oxidation of the D-isomer, as shown in Table III . 1-52+0-97 4.9
.
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The nature of the fluoride effect would thus involve a direct inhibition of the tumour mitochondrial DPNases. However, some evidence accumulated (Emmelot and Brombacher, 1956a ) that the effect of fluoride could also be explained on account of its potent inhibitory action on the tumour mitochondrial "ATPases ": by protecting the "high-energy" phosphate fluoride would indirectly stabilize the biochemical integrity of the mitochondria and thus counteract the development of the DPNases. Table IV illustrates that in the combined liver-tumour mitochondrial system with fluoride present, a net synthesis of ATP did indeed take place during the oxidation of DL-BHB. It might now be expected that fluoride would also counteract the inhibition of the oxidation of L-BHB in the combined liver-tumour mitochondrial system. However an effect of fluoride on this oxidation was difficult to demonstrate: only in a few experiments a small oxidation was found. This discrepancy may be understandable in view of the inhibitory effect of fluoride on certain Mg2-dependent reactions. Although by its same virtue, fluoride inhibits the ATPase and thus protects the ATP necessary for the formation of the L-BHByl-CoA bond, it might also easily inhibit the same reaction which is Mg2+-dependent. This action of fluoride explained some of our earlier findings regarding the oxidation of octanoate (Emmelot and Bos, 1955a ); Aisenberg and Potter (1956) have recently provided direct evidence for the inhibitory effect of fluoride on the formation of acetylCoA from acetate by rat liver mitochondria.
Phosphate release from ADP and ATP catalyzed by liver and tumour mitochondria Inspection of the data listed in Column 4 of Chappell and Perry (1954) . Earlier experiments had established that the "ATPases" of mitochondria isolated from different tumour strains were not uniformly active: they varied from the order shown by liver mitochondria to higher values (Emmelot, Bos and Brombacher, 1956 ). 
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(2ADP -, ATP + AMP; ATP -+ ADP + Pi, etc.) both activities appear to be high in these tumour mitochondria, which have been shown earlier to possess also markedly active DPNases and TPNases (Emmelot and Brombacher, 1956b ).
The group of tumour mitochondria that had been found in the earlier experiments to be the most intact from the biochemical point of view, released very much less Pi from ADP as illustrated by two representative experiments (testicular tumour T26554 and ovarian tumour T5441) in Table V . These mitochondria did not inhibit the fatty acid oxidation of the liver mitochondria and possessed smaller DPNase and TPNase activities than the former tumour mitochondria (Emmelot, Bos and Brombacher, 1956) . A competition for the ATP, formed from ADP by the myokinase, may be expected between the "ATPases" of the tumour mitochondria and any other "high energy" phosphate trapping system. As shown in Table VI , the amount of Pi released from ADP is smaller the higher the concentration of hexokinase that was added together with a constant quantity of glucose. Hexokinase concentrations higher than those listed in the table did not alter the results very much, which indicated that the "ATPases" had a far more ready access to the ATP, resulting from the myokinase action on ADP, than the soluble hexokinase. Potter, Simonson and Siekevitz (1953) and others have shown that the "ATPase" activity of freshly-prepared mouse and rat liver mitochondria suspended in isotonic sucrose is extremely low or completely absent (latent "ATPase "). The "ATPase" of the fresh mouse liver mitochondria under the present experimental conditions were not completely latent as shown in Fig. 1 Under the conditions of the earlier experiments (Emmelot, Bos and Brombacher, 1956 ) we were unable to find any activation of the tumour mitochondrial "ATPases" in the presence of 2: 4-IDNP and only a two-fold activation of the corresponding activities of the liver mitochondria was observed. The 2: 4-DNP activation has now been studied with small amounts of sucrose mitochondria and using y-globulin to afford some protection against the degenerative changes which are suffered by the mitochondria in vitro. In experiments with the sucrose mitochondria from 25 mg. of mouse liver, 2 per cent y-globulin was found to suppress the spontaneous activation of the latent "ATPases" as shown in Fig. 1 (compare Wade and Jones, Jr., 1956). It has further been observed that 2: 4-DNP (10-4 M) activates the "ATPases " of our liver preparations to a greater extent in the presence of y-globulin than in its absence (Fig. 1) .
The active ATPases of the sucrose-EDTA mitochondria from the adrenal cortex carcinoma T17572 could be also suppressed by y-globulin but only during the finst 10 minutes of incubation ( (Fig. 3 ).
An unexpected stimulating effect on the mitochondrial ATPases was found when the suspension medium was supplemented with 2 per cent aged human serum albumin. This preparation had been kept in our laboratory for some five years at roomn temperature. The aged albumin was found to activate the liver mitochondrial ATPases in the same manner as 2: 4-DNP. The activation of the tumour mitochondrial ATPases was especially significant after the first 5 minutes and decreased in proportion when the incubation was carried out longer (Fig. 4) . 2: 4-DNP did not activate the ATPases of the liver or tumour mitochondria further when the aged protein was present. The effect of the preparation is contrary to the protection that may be expected to arise from the addition of fresh albumin and that was indeed also found. When incubated separately with ATP the aged albumin did not cause Pi release and neither did it affect the pH of the suspension medium during the incubation. The latter was rigorously controlled since the ATPase activities of the tumour mitochondria, like those of liver mitochondria (Swanson, 1956) , have been found (unpublished observations) to vary with the pH of the medium. After cold extraction with petrol-ether the aged albumin still exhibited its effect. The extract was evaporated but the small amount of fatty residue did not produce any activation of the ATPases of the liver mitochondria. Myokinase can be obtained in a soluble form by disrupting liver mitochondria (Kielley and Kielley, 1951, 1953) , while the "ATPase" remains bound to the sedimentable mitochondrial d6bris. Any appreciable Pi release from ADP will thus only be possible when the soluble and sedimented parts of the disrupted liver mitochondria are incubated together. This is clearly illustrated by the experiments listed in Table VII which were carried out with mouse liver mitochondrial sub-fractions obtained by disrupting the mitochondria, as described under Material and Methods, and centrifugation for 30 minutes at 20,000 >X g at pH 7.4. Centrifugation at pH 5.0 did not change the results. The synergistic action between the two sub-fractions in liberating Pi from ATP may be readily explained on account of the myokinase activity of the soluble fraction which removes the ADP that is inhibitory to the "ATPase" (Kielley and Kielley, 1953) . Table VII Similar experiments were also carried out with the sub-fractions prepared from the tumour mitochondria. The first three experiments listed in Table VIII show that no synergistic action in liberating Pi either from ADP or ATP could be observed on mixing the two sub-fractions. This was apparently due to the lack of separation since the myokinase camne down with the sedimented fraction. This occurred irrespective of the fact whether the centrifugation was carried out at pH 5-0 or 7-4. After centrifugation at 7-4 the supernatant was somewhat turbid. The pH was therefore changed to 5-0; this resulted in a clear supernatant.
Judging from the nitrogen content of two sub-fractions it appeared also that only a small part of the particulate material became soluble in the case of the tumour mitochondria.
Evidently, either the tumour mitochondria contained less soluble material or the disruption was far from complete. The latter may not be unreasonable since the size of the tumour mitochondria was usually smaller than that of the liver mitochondria. Therefore hepatoma mitochondria were used which were approximately equal in size to the liver mitochondria. In this case (T28012) not withstanding the small amount of soluble nitrogen some synergism was found between the two sub-fractions in liberating Pi from ADP but not such an effect was seen with ATP. The results of the latter experiment could be readily reproduced with other tumours of the same strain but the mitochondria from another hepatoma (T26473) yielded negative results.
The final elucidation of this problem awaits further investigation of tumour mitochondria disrupted by other means and the application of higher centrifugal forces.
Our type of liver mitochondrial sub-fractions was apparently different from that of Keilley and Kielley (1953) . These authors found that on disrupting liver mitochondria in a Waring blendor, about 60-70 per cent of the ATPase activity released was recovered in the supernatant after centrifugation at 20,000 x g and that 80-90 per cent of this activity was in turn recovered in the pellet after centrifugation at 110,000 x g. Since our ATPase preparation from the disrupted liver mitochondria was almost completely sedimentable at 20,000 x g, it is evident that in the present work the mitochondria were not broken down to such small fragments as in the experiments of the American authors. (Emmelot and Bos, 1955a, 1956b Kielley, 1952; Lindberg et al., 1953; Potter and Siekeviz, 1951 ) is accompanied by phosphorylation. In the absence of fluoride low P: 0 ratios, but in the presence of fluoride (0.01 M) P: 0 ratios of over 2 were obtained as illustrated in Table IX . The action of fluoride in inhibiting the tumour mitochondrial myokinase and "ATPase ", which enzymes would otherwise make any net phosphate uptake difficult to demonstrate, is very clearly illustrated in the experiment with the mitochondria from T26473 (compare Table V ). Some control experiments on the effect of fluoride on the phosphate release from ATP and ADP by tumour mitochondria over a 15-minute period did indeed show that the "ATPases" were inhibited for 50-60 per cent and the myokinases for 80-100 per cent.
In a few cases the mitochondria from the sarcoma UV256 effected a small oxidation of pyruvate in the presence of L-malate and DPN. The P: 0 ratio found was half of that obtained with the mitochondria from the ovarian tumour T5441 or the testicular tumour T26554. This again demonstrated the difference in biochemical integrity between the representative of the two groups of tumour mitochondria. (testicular tumour) . ,, , ase" and myokinase activities as shown by the release of inorganic phosphate from ADP. In contrast, mitochondria from a number of other tumours, which have been shown earlier to be biochemically more intact than the former mitochondria (e.g. "ATPases ", DPNases and TPNases less active and no inhibition of the ATP-or DPN-dependent oxidative processes of the liver mitochondria) released much less inorganic phosphate from ADP. The latter tumour mitochondria yielded P: 0 ratios from 2-3 in the presence of DL-,8-hydroxybutyrate or pyruvate when fluoride was added.
Myokinase and "ATPase" activities could easily be separated by disruption of liver mitochondria and centrifugation but in the case of tumour mitochondria results were unsatisfactory.
Addition of 2 per cent fresh human serum y-globulin suppressed the " ATPase" activities of both liver and tumour mitochondria. Under these conditions an activation of the tumour mitochondrial "ATPases" by 2: 4-dinitrophenol could readily be demonstrated. An aged preparation of human serum albumin, unlike fresh albumin, activated the enzymes of both types of mitochondria very significantly.
